Organ transplantation saves thousands of lives every year but the shortage of donors is a major limiting factor to increase transplantation rates. To allow more patients to be transplanted before they die on the waitlist an increase in the number of donors is necessary. Patients with devastating irreversible brain injury, if medically suitable, are potential deceased donors and strategies are needed to successfully convert them into actual donors. Multiple steps in the process of deceased organ donation can be targeted to increase the number of organs suitable for transplant. In this review, after describing this process, we discuss current challenges and potential strategies to expand the pool of deceased donors.
INTRODUCTION
Several obstacles have been overcome over the last few decades to make organ transplantation an effective lifesaving treatment for many patients. Among them, the refinement of surgical techniques and the availability of effective immunosuppressive regimens against rejection FRONTIER have played a major role. However, only the availability of donated organs from deceased persons (DD) has made it possible for organ transplantation to become an established, worldwide treatment for patients with organ failure. Without the "gift of life" from deceased donors, it is difficult to imagine how so many lives could have been saved. Currently, the shortage of organs is a major obstacle to making organ transplantation more accessible to a larger number of candidates. Only 30973 transplants from 15064 donors have been performed in the United States in the year 2015, while more than 121000 candidates were waiting for a transplant [1] . Furthermore, the gap between the number of patients on the wait list and the limited number of available organs continues to widen. As a consequence, more than 6000 patients die every year while waiting for a transplant. In the ideal situation of an unlimited organ supply, virtually no patient would die on the wait list. Instead, due to the persistent scarcity of organs, a candidate for transplant has a 10%-30% chance of dying, depending on the organ, while on the wait list to receive an organ.
The common parameter adopted in different countries to measure the activity of organ donation has been traditionally the number of donors/million population. Although this metric is prone to the flaws of regional variations in health status, it is still used worldwide [2] . In this review, because our observations are limited to the United States, we will refer instead to the total number of donors/year.
The shortage of organs has been recognized worldwide as a major limiting factor to organ transplantation. The World Health Organization and several international agencies have addressed organ shortage at different levels [3] [4] [5] [6] [7] . Over the past decade, several initiatives have been put into place in the United States to address the shortage of organs. Among them, The Organ Donation Breakthrough Collaborative, funded by the Division of Transplantation in the Health Resources and Services Administration of the Department of Health and Human Services, was launched in September 2003 with the intent of increasing the number of organs available for transplant. The goal of this initiative was to achieve a donor conversion rate (i.e., from eligible to actual donor, see below) of 75% or higher across the country. Since its inception, more than 180 hospitals have met or exceeded this goal. Another goal proposed in this initiative was to increase the number of organs transplanted per donor. Subsequently, the Institute of Medicine (IoM) published the document "Organ Donation: Opportunities for Action" [8] . This report emphasized that the current system of organ donation could be greatly improved and offered a number of specific recommendations to help increase the supply of transplantable organs. Given the wide variation in consent rate, ranging between 30% and 70%, across Organ Procurement Organizations (OPO), the IoM recommended the identification of best practices and their dissemination among institutions in the organprocurement and transplantation system. In addition, the IoM report suggested to devote research efforts to identify new ways to improve the system and increase donation rates. Importantly, among them, it was recommended to integrate organ donation in the process of end-of-life care, recognizing that patients and their families should be offered the opportunity to donate as part of the standard care at the end of life. Still, after those and other efforts, over the last decade the donation rate from deceased donors has remained stagnant in the United States ( Figure 1 ).
Brain dead donors
The vast majority (80%-90%) of organs from DD are procured after declaration of death by neurologic criteria (or "brain death", BD). Brain death is determined after irreversible cessation of brain stem activity documented by bedside neurologic tests (reflexes, Table 1 ). The oxygenation of a comatose person who suffered a devastating irreversible brain injury fulfilling the criteria for brain death is maintained by mechanical ventilation, while cardio-circulatory activity and organ perfusion is supported, if needed, by inotropic medications. 
Donation after cardiac death
Unlike BD donors, a proportion of DD, currently 16% of the organs procured nationally, are recovered after declaration of death by circulatory criteria [donation after cardiac death (DCD)] [9] . In this scenario, patients who have suffered severe brain injury but do not fulfill the criteria for brain death, may still be organ donors if the patient, by advance directive, or the patient's family decides to withdraw life support. In these circumstances, after consent for organ donation has been obtained, the patient is brought to the operating room where ventilation is disconnected and life-sustaining medications are withdrawn. After the cessation of cardiocirculatory activity for 2-5 min, depending on the local protocol, the patient is pronounced dead by a member of the primary team. After declaration of death the organ procurement team arrives to the operating room and begins organ recovery. The different dynamics involved in BD and DCD pathways and their implications on organ allocation and function are beyond the scope of this review. For historical purposes, it is interesting to note that at the beginning of organ transplantation in the 1960s all organs were procured from DCD donors, since the concept and legislation of brain death had not been developed. Only in 1968, an ad hoc committee at Harvard Medical School defined brain death as the state of irreversible coma with unresponsiveness and lack of receptivity, absence of movement and breathing and absence of brain-stem reflexes [10] . Since then, the vast majority of DD have been BD. Only over the past decade there has been an increase in the proportion of DCD from 7% in 2005 to the current 16% of all deceased donors, with wide regional variation ranging between 7%-30%. The recent increase in the proportion of DCD donors has paired with only a small increase in the total number of DD. This has raised the legitimate concern whether the BD pool is curtailed as a result of more DCD donors being pursued. Specifically, the question is raised whether some of the DCD donors could/would have progressed to BD had life support been continued for a sufficient time to allow BD to occur. In a multicenter report from 27 European countries participating in a survey on organ donation, including 10 countries with established DCD programs, the number of both DBD and DCD overall increased during the interval 2000-2009. However, DBD decreased of about 20% in three countries with a predominant DCD activity, implying that DCD might have negatively impacted on DBD activity [11] . Ideally, in order to increase the overall donation rate, the expansion of the DCD pathway should have an additive rather than detrimental effect on DBD, so that, in aggregate, more potential donors become actual donors compared to the DBD pathway alone. Indeed, a recent study from the New England Organ Bank, one of the top ranking OPOs in the United States by percentage of DCD (> 30%), reports a 5-year experience with 331 DCD donors without a concomitant reduction of DBD, suggesting that a DCD program may actually expand the donor pool rather than curtailing it. The results of this study also show that overall more potential donors had been identified that would have not been realized without the DCD program [12] . Regardless, DCD alone and/or in combination with current DBD practices are unlikely to bridge the gap between current organ availability and need. In addition to DCD, other strategies to optimize the current limited organ pool are needed, including the use of less-than-ideal organs ("marginal organs") and split techniques (in case of the liver). While these strategies partially mitigate the donor shortage, still do not resolve the problem of organ shortage and call for additional initiatives. Among them, a considerable attention has been given lately in several countries to the pool of potential donors.
"Potential" deceased donors
Multiple recent studies from different countries, including the United States, have documented the potential for increasing the number of deceased donors. The Iberoamerican Network/Council on Donation and Transplantation has reported a 52% increase in deceased donation in less than 10 years in Central and South America [3] , indirectly demonstrating that the pool of potential donors was previously incompletely exploited. According to a report from Spain, 2.3% of hospital deaths and 12.4% of deaths in the intensive care unit could yield potential donors, making the number of actual donors up to 21% higher if all potentials were to be identified and followed [13] . The Spanish donation system, among the top performing worldwide, has been widely recognized as a valid model in both BD and DCD pathways and includes an internal hospital chart review of patients who died in ICU performed by transplant coordinators followed by an external periodic audit. Although the plain application of the Spanish model to other national donation systems would not necessarily lead to increased donation rates due to several socioeconomic and cultural differences between countries, nonetheless the Spanish experience in recent decades and published studies from other countries indicate that the donor potential is probably not fully exploited. A few definitions currently used in the organ donation literature and protocols are reported in Table 2 .
Although with different definitions, the number of potential donors has been estimated in previous studies. According to the IoM report, the number of donor-eligible deaths has been estimated in the range between 10500 and 16800 per year, significantly higher than the actual 8500-9000 deceased donors/year over Girlanda R. Deceased organ donation it is evident from several studies that the number of actual donors represents only a small proportion of the pool of potential donors (Figure 2 ).
Therefore, a major challenge to increase donation rates would consist of expanding the pool of actual donors to include potential donors. The process of organ donation and potential strategies to expand the pool of actual donors will be discussed below.
THE PROCESS OF ORGAN DONATION (DECEASED DONORS)
Currently, organs for transplant are recovered after determination of the donor's death. This standard practice, commonly known as the "dead donor rule", requires that the intended donor be declared dead before the removal of any life-sustaining organs [24] . This rule was introduced to protect the person's life before death and to prevent that lives were ended for the purpose of procuring organs. This rule is important to maintain the public trust in organ donation and transplantation and to avoid the misconception that care is withdrawn from potential donors in order to expedite death for the purpose of organ recovery. Recently, however, the dead donor rule has been reconsidered [25] . In the opinion of some ethicists, while the "dead donor rule" assures patients, families and health professionals that a patient is dead before removing organs, therefore making organ transplantation legally and ethically acceptable, on the other hand it may jeopardize donation in selected cases. As an example, it is quoted the case of a DCD potential donor with prolonged agonal phase (the interval between withdrawal of support and cardiac arrest) that prevented organ recovery and transplantation due to prolonged ischemia. It is argued by some that, after the decision of withdrawing support has been reached, organs be procured without waiting for the declaration of death by circulatory criteria (i.e., cardiac arrest). The advantage of this pathway would be to give patients the opportunity to donate even before death is declared, when death is imminent ("near death") and donation is desirable, in order not to jeopardize the viability of donated organs for transplant. It is argued that, when death is very near, some patients may want to die in the process of helping others to live, even if that means altering the timing or manner of their death. Regardless of this debate about the dead donor rule, it is important that ICU physicians, transplant professionals and organ the last two years [8, 15] . In other reports, the potential for brain dead donors has been estimated between 10000 and 26000 per year, depending on the study modality based on either mortality records or hospital chart review [16] [17] [18] [19] [20] . In 2010 the Health Resources and Service Administration of the Department of Health and Human Services commissioned UNOS to conduct the Deceased Donor Potential Study to estimate the number of potential donors in the United States. According to the results of this study, the pool of potential donors is larger than previously estimated with as many as 35000 to 40000 potential donors each year meeting basic criteria for donation [21] . Although the true potential could have been over-estimated due to the lack of more detailed medical information, nevertheless this study confirms that there is an untapped pool of potential donors. Another interesting finding in this study was that, among people who met basic medical criteria for deceased donation, the actual donation rate was considerably lower (10%) in the age group 50 to 75 years compared to those age 18 to 34 (50%), implying that more donors could be potentially obtained in the age group 50-75 years.
The potential for donation varies across geographic areas of the United States with a four-fold difference in eligible death/million population reported to OPTN by OPOs (national mean 31 eligible death/million population, ranging from 15 to 61) based on the existing geographical variability in mortality (91-229 deaths/ million population from cerebro-vascular accident and trauma) [2] . Importantly, this study highlighted that the number of eligible deaths is correlated to the number of deaths from cerebro-vascular accidents and trauma in that specific area (r square = 0.79).
Outside the United States, studies from Europe, Canada and other countries have documented similar findings regarding potential donors. In Belgium, Roels et al [22] found that 57% of deceased potential donors were missed along the process due to non-identification or missed referral or lack of consent. Likewise, a study from Canada based on discharge data submitted to the Hospital Morbidity Database reported that only 1 in 6 potential donors (17%) became actual donor [23] . Even assuming that the study methodology overestimated the number of potential donors due to the limitations of analyzing abstract data rather than actual patient chart review, nevertheless this study confirms that the potential to increase the number of deceased donors exists. Regardless of the definition of potential donor, procurement organizations make every effort towards maintaining public trust. Mistrust from the general public regarding the procurement of organs will likely result in reduced consent rates for donation based on the perceived fear by the donor's family that treatment is withdrawn from their loved one in order to obtain organs. In other words, fearful people will assume that physicians care more about obtaining organs than saving the patient's life. In addition, this debate on the dead donor rule emphasizes the importance of a previous recommendation by the IoM about the integration of organ donation with end-of-life care. By this integration, the donation process starts before the occurrence of the donor's death, at the time when the potential donor with irreversible devastating brain injury is referred but is not yet declared dead. Since every actual donor has been a potential donor sometime before in the process, it is likely that the coordination of end-of-life care and organ donation would allow to identify and manage potential donors early in the process, increasing the chances of donation. The process leading from donation to transplantation can be described in the following 6 steps: Brain injury, referral, brain death, consent, organ recovery and organ transplantation ( Figure 3 ). The process of organ donation for transplantation has been described before [11] . In this review we will limit our considerations to deceased organ donation in the United States.
Brain injury
Organ donors are patients with extensive brain injury resulting, most commonly, from cerebro-vascular accident or trauma or anoxia. Only a small proportion of those patients who suffered extensive and irreversible brain injury become actual organ donors because of the variable impact, in terms of intensity and timing, of brain injury on neurological functions and on brain stem activity. As a result, the occurrence of brain death is more or less likely and more or less rapid in different patients. As an example, a patient with large intracerebral hemorrhage or a bilateral pontine hemorrhage is more likely to progress to brain death within a relatively short timeframe than a patient with diffuse anoxic injury without intracranial hypertension [26] . Consequently, the time interval between brain injury and brain death varies, impacting on the management of the potential donor and costs. In addition, during the time interval between brain injury and brain death the patient is exposed to the systemic adverse effects of brain injury, including hemodynamic instability, diabetes insipidus, and others. In this context, the management of the potential donor while in ICU is paramount and has been described elsewhere [27] .
Referral
Among all patients with brain injury as described above, the medical suitability for organ donation is determined according to established criteria and represents the second step of the process leading to the referral of the potential donor. Federal rules require hospitals to notify the OPO of an individual whose death is imminent or who has died in the hospital [28] . A network of 58 OPOs constitutes the liaison system designated by the United States federal government to coordinate the organ donation process. The criteria (or triggers) for referral from the hospital to the local OPO are reported in Table 3 .
The referral of a potential donor to the OPO can occur as early as on patient presentation to the Emergency department [29] . After referral, the OPO is involved with the management of the potential donor by coordinating the logistic, medical and regulatory aspects of donation. Importantly, an OPO representative approaches the family of the donor providing support from the time of referral through donation and after Girlanda R. Deceased organ donation donation. The potential donor is considered medically suitable for donation based on established criteria of transplantability of the organs except in cases with potentially transmittable diseases, such as infections or cancer, as indicated in the UNOS policy [30] .
Brain death
Once exclusion criteria have been ruled out, the potential donor becomes eligible for donation after declaration of brain death, which is the third step of the process. Established neurologic tests allow the determination of death by neurologic criteria (brain death tests) and therefore determine eligibility for donation. According to UNOS definition (see above), an eligible death for organ donation is defined as the death of a patient 70 years old or younger, without any exclusion criteria for donation, legally declared brain dead according to hospital policy independent of family decision regarding donation or availability of next-of-kin, independent of medical examiner or coroner involvement in the case, and independent of local acceptance criteria or transplant hospital practice.
The concept of brain death has been introduced in 1968 following the proposal by an Ad Hoc Committee that a person could be declared dead after irreversible cessation of the function of the entire brain [10] . Before the introduction of this concept, the death of a person was declared after irreversible cessation of circulatory and respiratory function. After the introduction of brain death, it became accepted that a person requiring mechanical ventilation can be declared dead even while maintaining heart beating. This is an important aspect to discuss with the donor's family given that the concept of death in the public opinion is mainly associated with arrest of cardio-circulatory activity.
Consent to donation
After brain death, in observance of the principles of autonomy and non-maleficence, the consent to donation is sought from the patient, the family or the next of kin before proceeding with organ recovery. This represents the fourth step in the process and an important focus for future strategies to increase donation (see below). Several aspects of the step of obtaining consent to donation are crucial, including the timing, the method and the approach. Usually, the donor's family is approached after declaration of brain death. However, in selected cases it may be indicated to approach the family before brain death, as in the case of an unstable donor where rapid deterioration of organ function may occur. This critical step of communicating with the family highlights the importance of effective coordination of end of life care between ICU providers and OPO personnel. In some countries outside the United States, regulations allow the procurement of organs based on the presumed consent of the donor in absence of documented objection to donation. In the United States system, which is based on explicit rather than presumed consent, it is important that the approach to the family and the process of obtaining consent for donation is conducted in a culturally-sensitive way. It is becoming increasingly clear that a better understanding of the donor's family language, culture, faith, and values is critically important to increase consent rates [31] . The current consent rate is on average 76% ranging between 62% and 93% across OPOs [32] . Little is known about the factors associated with such variability across regions. In addition, the reasons for denied consent to donation by the donor's family are still poorly understood and represent an opportunity for action in order to increase deceased donation (see below).
Organ recovery
After consent is obtained, the OPO, in collaboration with the donor hospital, allocates suitable organs and arranges for the operation of organ recovery, which represents the fifth step of the process. Typically, multiple organs are procured in different combinations including heart, lungs, liver, kidneys, pancreas and intestine from the same deceased donor during a multiteam operation lasting several hours. Each team carries the burden of recovering the respective organ in the best possible condition for their intended recipient. Therefore excellent communication and coordination between teams is essential during procurement. Typically the teams recovering the thoracic organs and the abdominal organs proceed simultaneously. The intra-operative management of the donor during organ recovery has been reviewed elsewhere [33] . It is critical to assess and correct, when necessary, the hemodynamic, metabolic, hormonal and pro-inflammatory alterations occurring in the setting of brain death. Studies have documented that the quality of donor management impacts on the quality of the procured grafts and on graft function [34] . The different techniques of multi-organ procurement have been described extensively and vary among countries.
Organ transplantation
The allocation and transplantation of the procured organs represents the final step of the process. In the United States organ allocation is regulated by organspecific policies following the criteria of urgency as indicated by the degree of disease severity of transplant candidates. Although the vast majority of recovered organs are subsequently transplanted, not all recovered organs are always transplanted. The reasons for failure to transplant procured organs are multiple and include
Every ventilated patient with
Glasgow coma scale of 5 or less without sedation Brain death testing being considered/pursued Do-not-resuscitate or comfort care being considered Withdrawal of support being considered Family initiates conversation about donation Every cardiac death within 1 h Table 3 Criteria for referral of a potential donor Girlanda R. Deceased organ donation damage to the organ during procurement, organ unsuitability discovered during or after procurement, sudden unsuitability of the intended recipient to receive the allocated organ and others. Regardless, to maximize the use of this scarce resource it is important to prevent organ "discard" after recovery. The conversion rate, which reflects the proportion of eligible donors that becomes actual donors and is one of the parameters monitored by the OPO, is an indirect way to assess discard rate of procured organs. Accordingly, actual donors are considered those in which at least one organ has been successfully transplanted. Multiple factors impact on conversion rates and are beyond the scope of this review. Each step of the process of organ donation from deceased donors as outlined above can potentially be the target of strategies to increase donation rates, as discussed below.
CHALLENGES AND OPPORTUNITIES

TO INCREASE DECEASED ORGAN DONATION
The "imminent" death
The number of deceased organ donors per year has remained relatively stable over the last decade with only a small annual increase over the years from 8016 deceased organ donors in the year 2006 to 8143 in 2012 and 8596 in 2014 [35] . At the same time, the number of patients added to the wait list has increased at a faster pace every year, making the gap between need and supply of organs wider every year ( Figure  1) . One of the strategies to narrow this gap is to increase the number of donors for transplant, especially deceased donors. Being the pool of potential donors larger than the number of actual donors, as outlined above, and considering that all donors were "potential" at some point during the process, it is reasonable to focus efforts on identifying and managing potential donors in order to increase donation rates. This would require a novel and broader approach to deceased donation to include not only those fulfilling brain death criteria (eligible deaths) but also those closed to it ("near brain death" or "imminent death"). According to OPTN, imminent donor is a potential donor who is imminent to fulfill the criteria for the determination of death by neurologic criteria (BD). Currently, imminent deaths are being monitored by OPOs, although their definition varies among regions and hospitals. It would be important to have a uniform characterization of imminent deaths and, more importantly, to have a better understanding of their evolution in terms of progression to BD.
Several challenges have been identified at each step of the process of deceased organ donation that could potentially be the target of action to improve donation rates. These include: Missed clinical triggers for referral, premature withdrawal of support before BD testing, cardiac death during evaluation, lack of consent, donor instability and death during organ recovery, organ damage at procurement or organ unsuitability discovered after recovery and others. At the very beginning of the process of organ donation from deceased donors it is crucial that the potential donor is recognized early after presentation to hospital and referred promptly to the local OPO. The determination of the suitability for donation based on initial demographic (age) or clinical parameters and co-morbidities of patients with devastating brain injury should be deferred to the OPO representative rather than to the primary ICU team. An early referral allows the OPO sufficient time to evaluate the potential donor for medical suitability and to approach the family [36] .
The donor's family
The donor's family plays a key role in the donation process. Within the OPO, a dedicated team of trained personnel approaches the family in a sensitive way. Even in case of registered donors, the family is always consulted before organ procurement. Although legally the donor's consent is sufficient to allow organ recovery, nevertheless the wishes of the family are always taken in consideration and usually organ recovery is not pursued in case of opposition from the donor's family. Respect for the donor's family is important to maintain the public trust: It would be deleterious to pursue organ donation against the family wishes, even in presence of donor's consent. In addition, it is important to understand the motivations behind the declined consent by the donor's family. Factors associated with declined consent include donor age (older), ethnic minority, time interval between certification of brain death and approach to the family and the amount of time spent by the coordinator with the family [37, 38] . The education of families from ethnical minorities using a culturallysensitive approach seems particularly important, since minority groups are disproportionally represented on the transplant waiting list and unfortunately also suffer from disparities in deceased and living donation. Barriers to donation in minority groups include decreased awareness of transplantation, religious or cultural distrust of the medical community, fear of medical abandonment and fear of racism [39] . Culturally sensitive communication and interventions are needed to overcome these barriers [40] .
"CPR" for organs
After referral, the ideal management of the potential donor involves both ICU team and OPO personnel. This combined approach provides the best chances to effectively integrate organ donation as part of end of life care, as recommended by the Institute of Medicine. Although prognostic factors have been studied and identified [41] , still the likelihood and timing of progression to BD in patient with brain injury remains incompletely understood. Further studies are needed to better identify early predictors of brain death.
BD is associated with a plethora of systemic manifestations including hemodynamic, metabolic and endoGirlanda R. Deceased organ donation crine disturbances. Guidelines have been developed to assist the donor management before organ recovery. Occasionally, eligible donors are lost due to intercurrent hemodynamic instability and cardiac arrest. As part of the integration of end-of-life care with organ donation, it would be important to identify risk factors for cardiac arrest, treat disimbalances and discuss with the donor's family the code status of the donor, including the possibility of hemodynamic support and, if necessary, cardio-pulmonary resuscitation in order to maintain organ perfusion until organ recovery occurs.
CONCLUSION
An increase in deceased organ donation is necessary to make organ transplantation accessible to more candidates. Among others, new strategies to manage the pool of potential donors are needed in order to increase donation rates.
